In order to test the functional significance of the parathyroid hypertrophy due to ultra-violet irradiation of normal rabbits (1) we have subjected irradiated rabbits to partial parathyroldectomy (2) and have compared the effects of injections of calcium chloride and of disodium hydrogen phosphate in irradiated, normal, and partially parathyroidectomlzed animals (3).
In order to test the functional significance of the parathyroid hypertrophy due to ultra-violet irradiation of normal rabbits (1) we have subjected irradiated rabbits to partial parathyroldectomy (2) and have compared the effects of injections of calcium chloride and of disodium hydrogen phosphate in irradiated, normal, and partially parathyroidectomlzed animals (3) .
A third method of questioning the significance of this parathyroid hypertrophy was to observe the effects of complete inanition in irradiated, normal, and partially parathyroldectomized 1 rabbits to determine possible differences in the fasting metabolism of calcium and inorganic phosphorus with which the parathyroid glands, directly or indirectly, are so essentially concerned.
Much of the recent work on the physiological and therapeutic effects of ultra-violet light has been devoted to studies on various aspects of metabolic activity, especially with diets which are vitamine-poor, or incomplete in other respects. A fasting experiment with irradiated rabbits also promised opportunities for observation of certain effects of ultra-violet light on metabolism and further information in regard to the action of radiant energy on the endocrine glands.
Accordingly two experiments were undertaken, in which different groups of irradiated, normal, and partially parathyroidectomized rabbits were subjected to fasts of 5 and 11 days, respectively. The J All operations for removal of parathyroids were performed under full ether anesthesia, 139 5 day period proved too short to yield results of definite significance, and was complicated by the ingestion of unknown amounts of sawdust and feces from the individual cages, so it will not be reported in detail.
In outline the experiment ran as follows:
Experiment/.--This experiment was started with fifteen adult male rabbits in three groups. Five served as normal controls. Five had been irradiated for 44 days with a quartz mercury arc at 1 meter's distance with dally exposures of 10 minutes to 2 hours. The 2 hour exposure was continued during the fasting period. The other five rabbits had been partially parathyroidectomized with the removal of both external parathyroids and half the thyroid gland with its internal parathyroid 50 to 34 days previously. Except in one instance the remaining internal parathyroid gland in these rabbits was maintaining a calcium level of 12.0 to 13.4 rag. per 100 cc. serum. The exception, a rabbit with a control blood calcium of 9.3 rag. and inorganic phosphorus of 8.4 rag. per 100 cc. serum, died on the 5th day of the fast with a blood Ca of 5.7 rag. and P of 12.0 rag. per 100 cc. serum. The rabbits were kept in their regular sawdust-strewn individual cages and given 100 cc. of distilled water by stomach tube daily. Blood samples were taken from the ear before the fast, on the 2nd and 5th days, and 2 to 4 days after feeding had been resumed. The serum specimens were analyzed for Ca (4) and inorganic P (5).
One of the irradiated rabbits was killed by accident on the 5th day of the fast. Autopsy revealed a certain amount of hair, fecal matter, and sawdust in his stomach. Presumably the other rabbits also had ingested indefinite amounts of sawdust and feces, so that the results of this experiment are not open to a strict interpretation. But the average figures for each group show certain tendencies in calcium and phosphorus metabolism that lend emphasis to the results of the second experiment.
Eliminating from the averages for each group the figures obtained from the two rabbits that died and from two others, one normal and one partially parathyroidectomized, for which our records are incomplete, the results of this experiment are shown graphically in Chart 1.
A primary effect of fasting may be seen in the rapid fall in blood calcium that occurred in all of the rabbits. As might be expected, the total loss of calcium by the partially parathyroidectomized rabbits was somewhat greater than that in the other groups. In the first few days after feeding was resumed the blood calcium was restored almost as rapidly as it had been lost during inanition. The more rapid rate of calcium accumulation in the irradiated and partially parathyroidec-tomized rabbits, as compared with the normals, may be due to a more active state of their parathyroid tissue.
A reciprocal relationship between calcium and inorganic phosphorus may be illustrated by the inverted curves for phosphorus in the irradiated and normal rabbits. Inorganic phosphorus in the blood serum was above normal in these animals during the fasting period and dropped again when the calcium supply was restored. The partially parathyroidectomlzed rabbits, on the other hand, lost both calcium and phosphorus from the blood;--except in the instance noted above (and not included in the average figures), in which a drop in calcium I i. i o 1 4 ~y.~ of f~ L-~T 1. Experiment 1. Serum Ca and P during radiated, and partially parathyroidectomized rabbits. / G~ inanition in normal, irto 5.7 mg. and a rise in phosphorus to 12.0 rag. per 100 cc. serum preceded the rabbit's death.
During this short fasting period none of the rabbits suffered an undue loss in body weight and the average losses for all three groups was less than 10 per cent.
After the final blood samples were obtained, the normal and the irradiated rabbits were killed and autopsied to determine the relative size of their external parathyroid glands. The two external glands of the irradiated rabbits averaged 8.1 mg. per kilo net body weight; those of the normal rabbits averaged 5.7 mg.
In the second experiment the individual metal cages were fitted with raised bottoms of wire mesh through which the urine and feces could fall freely, so that the rabbits ingested nothing but distilled water during the fast.
Experiment 2.--This experiment was performed with fifteen adult male rabbits in three groups. Five rabbits served as normal controls. Five rabbits with ears shaved and backs clipped had been irradiated 2 to 22 minutes daily (except Sundays) for a period of 20 days at 50 era. distance from a 67 volt, 5.5 ampere quartz mercury arc. During the fast, daily exposures of 23 to 30 minutes were given. The other five rabbits had been deprived of their two external parathyroid glands 10 days pre.viously. The three groups of rabbits were subjected to an 11 day fasting period.
The rabbits were each given 100 cc. of distilled water daily by stomach tube, and were bled from an ear vein for serum samples before the fast, on the 4th, 7th, and 11th days of inanition, and, after feeding had been resumed, on the 12th, 15th, and 18th days of the experiment. The serum samples were analyzed for calcium and inorganic phosphorus. The rabbits were weighed on alternate days.
Two rabbits, one irradiated and one partially parathyroidectomized, died on the 9th day of the fast, and since the figures for Ca and P obtained from them have been excluded from the averages in Chart 2 they must be dealt with separately. The irradiated rabbit started the fast with a serum Ca of 12.7 mg. and P of 8.8 nag. per 100 cc. serum. On the 7th day its serum Ca and P were 8.7 nag. and 10.7 mg. respectively. In 9 days of inanition this rabbit lost 52 per cent of its original body weight and its death is ascribed to causes associated with this great loss, rather than to tetany. The partially parathyroidectomized rabbit had not restored its blood calcium as promptly as is usual after such an operation (2) and started the fast with a serum calcium of 8.9 mg. and phosphorus of 8.8 rag. per 100 cc. serum. On the 4th day serum Ca was 7.2 rag. and on the 7th day 4.9 mg. The corresponding figures for P were 11.3 mg. and 12.7 nag. respectively. Although the death of this animal was not observed, such figures are typical of acute tetany.
Three of the four irradiated rabbits that survived the actual period of inanition died within the next 5 days. The normal and partially parathyroidectomized rabbits were allowed to survive in order to study the period of their recovery. 2 months later a second group of five normal rabbits was subjected to a similar fast and killed at its conclusion to provide a comparison at autopsy with the endocrine glands of the irradiated rabbits. In Chart 2 the figures for Ca and P in the serum of this second group of normal fasting rabbits have been averaged in the curves marked N2.
The figures for calcium and inorganic phosphorus (in rag. per 100 cc. L-~I~T 2. Experiment 2. Serum Ca and P during inanition and after feeding in normal, irradiated, and partiaJly parathyroidectomized rabbits.
been omitted in the alternate averages for that day~ also shown in the chart. The corresponding figures for phosphorus in these two animals were not different from those of other rabbits in the same groups.
As in the first experiment, inanition caused a progressive loss in serum calcium in all three groups of rabbits. A similar loss in serum phosphorus did not occur. We shall not attempt to interpret this tendency to phosphorus retention. Wide variations occurred in the figures for the individual rabbits and the averages merely cancel these IRRADIATION AND PARTIAL PARATHYROIDECTOMY.
I I I variations, so that no group stands out as manifestly different from the others in regard to phosphorus metabolism during the fast. Yet the fact that inanition does not regularly cause a progressive drop in the inorganic phosphorus of the blood serum is shown by the maintenance of the phosphorus levels in six of the seven groups in Experiments 1 and 2. In regard to serum calcium and inorganic phosphorus metabolism, then, only one difference appears which can be interpreted as due directly to differences in parathyroid function among the four groups of rabbits. The lower level of serum calcium in the partially parathyroidectomized rabbits was maintained throughout both experiments. But the trend of the calcium level in this group was not different from that in the others.
Mention has been made of the fact that one irradiated rabbit died on the 9th day of the fast and that three of the four survivors died within 5 days after feeding was resumed. With the single exception • of the partially parathyroidectomized rabbit that died on the 9th day, apparently of tetany, no similar fatalities occurred among the other groups. In general the 11 day period of inanition was well borne by all but the irradiated rabbits. The cause of the deaths in this group must be sought among the direct or indirect effects of the exposure to ultra-violet light. The dosage used, 5 to 30 minutes at 50 cm. distance, is not excessive and had been well borne by normal rabbits. Although the serum phosphorus was high in three of the four victims, serum calcium was not unduly low in the last determination made before death. Aside from its hypertrophic effect on the parathyroid glands ultraviolet light has two possible effects on the animal which must be taken into account in this experiment. One is on general metabolism. The other is adrenal injury.
A comparison of the relative loss of weight by the three groups of irradiated, normal, and partially parathyroidectomized rabbits shows that from the first the irradiated animals lost weight more rapidly during inanition than did the other groups and toward the end of the fasting period this loss was exaggerated. Even during the first 4 or 5 days after feeding was resumed the weight of most of these rabbits remained stationary or declined further, and it was during this period that three of the four surviving irradiated rabbits died, each at the nadir of his body weight curve. While the five normal rabbits lost an average of 31 per cent in body weight, and the four surviving partially parathyroidectomized rabbits lost 29 per cent, the five irradiated rabbits lost 52, 41, 39, 48, and 38 per cent of their control weights, respectively, and the firs~t four of these rabbits died on the 9th, 12th, 13th, and 16th day of the experiment.
If loss in body weight be taken as an index of the metabolic rate in these rabbits, the effect of exposure to the quartz mercury lamp is at once apparent. In judging the effects of the exposure two factors have to be taken into account. One is the direct action of visible and ultraviolet light. The other is the handling and the movements of the rabbits due to the daily exposure. All of the rabbits were brought to the laboratory daily for water by stomach tube. In addition, the irradiated group was placed for about half an hour in a galvanized iron tub in which movement was not so restricted. In general they remained quiet, and we do not believe that this extra handling of the irradiated rabbits can account for their excessive losses of weight and for their deaths.
A review of the literature on the effects of visible and ultra-violet light on basal metabolism indicates that experimental conditions and methods have varied so widely that few useful comparisons can be made.
Thus Kestner, PeemSller, and Plaut (6), using a quartz mercury arc lamp in a study with the Benedict apparatus, produced a transient rise in metabolism in children and adults, but Hill and Campbell (7) call attention to the effects of cool air during exposure and consider that the rise in the metabolic rate caused by heliotherapy per se is relatively insignificant. Fries (8) found no appreciable difference in basal metabolism of children during treatment with a quartz mercury lamp compared with intervals without treatment, but thinks that the reaction of the individual must be taken into consideration. Recently Campbell (9) has reported a carefully planned and executed series of experiments with rats and mice in a specially adapted metabolism chamber. The oxygen consumption and the carbon dioxide output of four men were tested also, and the author concludes that irradiation with the whole or part of the spectrum of a quartz mercury vapor lamp has no effect on the metabolism of healthy men, rats, or mice. This is a sweeping statement in view of the fact that only the immediate or current effects of the radiation were investigated.
Northrop (10) in a precise experiment with aseptic cultures of Drosophila, grown for 200 generations in the dark, found that the light of a tungsten filament 14~ IRRADIATION AND PARTIAL PARATHYROIDECTO~Z. Ill lamp, through water, had marked effects on growth and duration of life. With intensities greater than 1000 meter candies the duration of the imago stage wa~ rapidly shortened and the duration of llfe of the imago could be predicted by assuming that the light ages the flies independently of the normal rate. The light effect was proportional to its intensity.
In the absence of observations on basal metabolism in our groups of fasting rabbits, we can only call attention to the excessive loss of weight in the irradiated rabbits, and suggest its possible relation to an increased metabolic rate resulting in the more rapid consumption of the animal's own tissues. A definite effect of fasting and the exposures to radiant energy was found at autopsy in the irradiated victims of the fast.
From time to time we have observed gross hemorrhages in the suprarenal glands of irradiated rabbits (1) . The point of origin of these hemorrhages has usually been the medullary tissues, but they have often extended into the cortex and even to the capsule of the affected gland. The frequency of such a lesion after irradiation, even when only moderate erythema doses have been given, has raised in our minds the question of a specific secondary action of ultra-violet energy on these essential organs. The effects of such an injury might be reflected clinically in blood pressure changes, which were not studied in these fasting rabbits. Under other conditions, light, especially ultra-violet light, has often been observed to lower blood pressure (11) and the signs of collapse that sometimes follow dangerous degrees of sunburn are in certain respects similar to the signs of suprarenal insufficiency (12) .
According to Jackson (13) , and other authors whom he quotes, inanition and various types of malnutrition often cause suprarenal congestion and hemorrhage. In fasting the suprarenals do not show a proportionate loss in weight, sometimes being relatively twice as large as is normal. Congestion, and sometimes hemorrhage, is characteristic in both cortex and medulla and may account for the increased weight in spite of atrophy of the parenchyma. Congestion and hemorrhage, gross or capillary, have been reported also in athrepsia, scurvy, and pellagra, so it appears that the suprarenal glands often suffer heavily in states of malnutrition.
With two causes of suprarenal damage operating in conjunction, it is hardly surprising that three of the four irradiated rabbits examined at autopsy showed scars and medullary hemorrhage in one or both of these essential glands. One gland of the fourth rabbit was lost, and its condition cannot be reported. The other gland appeared to be normal. None of the lesions were so recent as to suggest that they were agonal, or the immediate cause of death, but suprarenal insufficiency may have contributed to the high mortality among the irradiated rabbits. At autopsy other endocrine glands of the fasted, irradiated rabbits, and of the fasted, normal rabbits of Group N2, were weighed and their weights compared with figures obtained for other irradiated and normal rabbits at a corresponding season of the year. These figures and a crude analysis of them have been collected in Table I , which may require some explanation.
The figures given represent gland weights, in rag. per kilo of net body weight, after the removal of the gastrointestinal tract and its contents, and the expression of bladder urine. For the normal control figures we are indebted to Dr. Louise Pearce. In the second half
HI of the table an attempt has been made to indicate whether fasting spares these essential glands, or exhausts and consumes them more rapidly than other body tissues. The effect of irradiation alone is seen in the gland weight ratios of irradiated and non-irradiated rabbits in both the control and the fasting groups. An idea of the effect of fasting alone is gained by comparing fasted with control rabbits in the normal and irradiated groups. A summation of the effects of irradiation and fasting is found in a comparison of the figures for the irradiated fasted rabbits with the normal controls. Considering the small number of fasted rabbits available for study, the results of the analysis are in good accord. The effects of irradiation alone, Columns I and II, check in most instances both for normal and for fasted rabbits and in the control, irradiated, rabbits the same effects of irradiation are seen as have already been reported (1): pineal, hypophysis, external parathyroid, and suprarenal glands are relatively heavier than normal, the thyroid gland has lost weight, and the thymus and testicles show little change. Similarly the effects of inanition on these endocrine glands may be seen in Columns III and IV. Pineal, hypophysis, thyroid, suprarenals, and testicles are spared in both groups of rabbits. The external parathyroids, and especially the thymus are consumed relatively faster than the body as a whole. Finally, in the single instance in which the effects of fasting and of irradiation on gland weight seem to be opposite, i.e. the effect on the external parathyroid glands, the light treatment has more than offset the effects of fasting, and the parathyroids in the irradiated fasted rabbits are larger than is normal. But in spite of the relatively large size of the external parathyroid glands in the irradiated rabbits, their curves for serum calcium during the fasting period in both experiments are essentially similar to those for the normal groups (see Charts 1 and 2). In most instances these tendencies to the protection or exhaustion of the endocrine tissues in our fasted rabbits correspond with the effects of inanition in man and other animals, reviewed and summarized by Jackson (13 Hypophysis.--Loss of weight relatively less than that of the body as a whole. Parathyroid Glands.--Usually found to be atrophic. In rats Jackson found them reduced in weight nearly in proportion to the body loss. They tend to be relatively decreased in weight in adults, with a variable degree of atrophy and an increase in fibrous stroma.
Thyroid Gland.--The loss of weight is variable, usually relatively less than that of the body as a whole.
Thymus.--The extreme loss of weight of this gland is rivaled only by that of adipose tissue. The loss is relatively far greater than that of the body and usually reaches 78 per cent before death from acute inanition.
Suprarenals.--These glands are usually increased in weight but part of this increase may be due to hemorrhage.
Testicles.--The loss in weight is relatively greater than that of the body as a whole.
Thus the only result of our observations that is at variance with Jackson's conclusions is in the loss of weight of the testicles relative to general body weight loss. But these glands normally vary widely in absolute and relative weight, and we lay no stress upon the aberrant results of our single experiment.
SUMMARY AND CONCLUSIONS,
The experiments described in the three papers of this series were undertaken to determine if possible the significance of the parathyroid hypertrophy that has repeatedly been found in rabbits after exposure to ultra-violet light. The fact that the hypertrophy was not accompanied by a corresponding increase in blood calcium led us to infer that the upper level of blood calcium concentration is governed by factors independent of parathyroid control, and that the gland hypertrophy under the influence of ultra-violet light might represent a potential functional capacity, or increased factor of safety, to protect the calcium level under conditions of stress or emergency. Partial parathyroidectomy in irradiated rabbits, compared with the same operation in normal controls, resulted in a similar immediate drop in blood calcium; but a more rapid restoration of the calcium level in the irradiated rabbits indicated a more prompt and active response to the emergency on the part of the remaining glands. In the second group of experiments no significant differences were found in the reactions of irradiated, normal, or partially parathyroidectomized rabbits to injections of calcium chloride or of disodium hydrogen phosphate. All three groups of rabbits rapidly eliminated the excess calcium from the blood. Their reactions to large doses of sodium phosphate, given subcutaneously, appeared to be related to phosphate elimination or retention in the individual animals. Those in each group which had phosphate retention in the blood died in acute tetany.
So also in the fasting experiments, reported in this paper, no distinctions could be drawn between normal, irradiated, and partially parathyroidectomized rabbits on the basis of their calcium and phosphorus metabolism. Blood calcium was reduced in a similar manner in all three groups of rabbits, and wide individual variations in serum phosphorus levels preclude significant deductions.
But the irradiated rabbits suffered disproportionate losses of weight during the fasting period and four of five of them died during the course of the experiment. The deaths of these rabbits are attributed to this more rapid consumption of their own tissues and possibly also to suprarenal injury caused both by fasting and by exposure to ultraviolet light.
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